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THREE - DIMENSIONAL SEMICONDUCTOR According to an exemplary embodiment of the present 
DEVICE inventive concept , a semiconductor device is provided as 

follows . Electrodes and insulating layers are disposed on a 
CROSS - REFERENCE TO RELATED substrate , each electrode and each insulating layer being 

APPLICATIONS alternately stacked so that the electrodes and the insulating 
layers are stacked in a pyramid - shaped structure . Each side 

This application is a continuation of U.S. patent applica surface of the pyramid - shaped structure has a stepped sur 
tion Ser . No. 16 / 685,394 filed on Nov. 15 , 2019 , which is a face sloped in a predetermined angle with respect to a top 
continuation of U.S. patent application Ser . No. 16 / 178,860 surface of the substrate . Vertical structures are disposed 
filed on Nov. 2 , 2018 , now U.S. Pat . No. 10,483,323 issued within an uppermost electrode and penetrates the electrodes 
on Nov. 19 , 2019 , which is a continuation of U.S. patent and the insulating layers to be in contact with the substrate . 
application Ser . No. 15 / 067,833 filed on Mar. 11 , 2016 , now Contact plugs are disposed on a first side surface of the 
U.S. Pat . No. 10,141,372 issued on Nov. 27 , 2018 , which pyramid - shaped structure . The first side surface has the claims priority under 35 U.S.C. § 119 to Korean Patent largest predetermined angle and each contact plug is con Application No. 10-2015-0045728 , filed on Mar. 31 , 2015 , nected to a corresponding portion of the electrodes within in the Korean Intellectual Property Office , the disclosures of the first side surface . which are incorporated by reference herein in their entire 
ties . BRIEF DESCRIPTION OF DRAWINGS 

10 

15 
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35 

TECHNICAL FIELD These and other features of the inventive concept will 
An exemplary embodiment of the inventive concept relate become more apparent by describing in detail exemplary 

to a semiconductor device , and in particular , to a highly embodiments thereof with reference to the accompanying 
integrated three - dimensional semiconductor device . drawings of which : 

FIG . 1 is a layout of a three - dimensional semiconductor 
DISCUSSION OF RELATED ARTS memory device according to an exemplary embodiment of 

the inventive concept ; 
Consumers demand semiconductor devices highly inte FIG . 2 is a block diagram illustrating a three - dimensional 

grated at lower costs . Three - dimensional ( 3D ) semiconduc semiconductor memory device according to an exemplary 
tor devices including three - dimensionally - arranged memory 30 embodiment of the inventive concept ; 
cells have been proposed to satisfy those consumer FIG . 3 is a circuit diagram illustrating a memory cell array 
demands . of a three - dimensional semiconductor memory device 

according to an exemplary embodiment of the inventive 
SUMMARY concept ; 

FIG . 4 is a perspective view illustrating a memory cell 
According to an exemplary embodiment of the present array of a three - dimensional semiconductor memory device 

inventive concept , a three - dimensional semiconductor according to an exemplary embodiment of the inventive 
device is provided as follows . A substrate includes a contact concept ; 
region , a dummy region , and a cell array region . A stack FIG . 5A is a plan view illustrating a memory cell region 
structure includes electrodes vertically stacked on the sub- 40 of a three - dimensional semiconductor memory device 
strate . The electrodes are stacked to have a first stepwise according to an exemplary embodiment of the inventive 
structure on the contact region and a second stepwise concept ; 
structure in the dummy region . Ends of at least two adjacent FIG . 5B is an enlarged perspective view illustrating a 
electrodes in the second stepwise structure have first side portion ‘ A’of FIG . 5A ; 
walls vertically aligned so that horizontal positions of the 45 FIG . 6A is a sectional view , taken along line I - I ' , of the 
first sidewalls are substantially the same . three - dimensional semiconductor memory device of FIG . 

According to an exemplary embodiment of the present 5A ; 
inventive concept , a three - dimensional semiconductor FIG . 6B is an enlarged sectional view illustrating a 
device is provided as follows . A substrate includes first and portion ‘ A ’ of FIG . 6A ; 
second contact regions opposite to each other in a first 50 FIG . 7 is a sectional view , taken along line II - II ' , of the 
direction , first and second dummy regions opposite to each three - dimensional semiconductor memory device of FIG . 
other in a second direction substantially perpendicular to the 5A ; 
first direction , and a cell array region disposed between the FIG . 8 is a sectional view , taken along line III - III ' , of the 
first and second contact regions and between the first and three - dimensional semiconductor memory device of FIG . 
second dummy regions . A stack structure includes electrodes 55 5A ; 
vertically stacked on the substrate . A horizontal length , FIG . 9A is a plan view illustrating a memory cell region 
measured along the first direction , of the first contact region of a three - dimensional semiconductor memory device 
is greater than a horizontal length , measured along the according to other an exemplary embodiment of the inven 
second direction , of the first dummy region . tive concept ; 

According to an exemplary embodiment of the present 60 FIG . 9B is an enlarged perspective view illustrating a 
inventive concept , a three - dimensional semiconductor portion ‘ A ’ of FIG . 9A ; 
device is provided as follows . A substrate includes a cell FIG . 10 is a sectional view , taken along line I - I ' , of the 
array region and first to fourth regions surrounding the cell three - dimensional semiconductor memory device of FIG . 
array region . A stack structure includes electrodes vertically 9A ; 
stacked on the cell array region and the first to fourth 65 FIG . 11 is a sectional view , taken along line II - II ' , of the 
regions . At least two adjacent regions of the first to fourth three - dimensional semiconductor memory device of FIG . 
regions have different widths from each other . 9A ; 
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FIG . 12 is a sectional view , taken along line III - III ' , of the exemplary embodiment of the inventive concepts should not 
three - dimensional semiconductor memory device of FIG . be construed as limited to the particular shapes of regions 
9A ; illustrated herein but are to include deviations in shapes that 
FIG . 13A is a plan view illustrating a memory cell region result , for example , from manufacturing . For example , an 

of a three - dimensional semiconductor memory device 5 implanted region illustrated as a rectangle may have rounded 
according to still other an exemplary embodiment of the or curved features and / or a gradient of implant concentration 
inventive concept ; at its edges rather than a binary change from implanted to 
FIG . 13B is an enlarged perspective view illustrating a non - implanted region . Likewise , a buried region formed by 

portion ‘ A ’ of FIG . 13A ; implantation may result in some implantation in the region 
FIG . 14 is a sectional view , taken along line I - I ' , of the 10 between the buried region and the surface through which the 

three - dimensional semiconductor memory device of FIG . implantation takes place . Thus , the regions illustrated in the 13A ; figures are schematic in nature and their shapes are not FIG . 15 is a sectional view , taken along line II - II ' , of the 
three - dimensional semiconductor memory device of FIG . intended to illustrate the actual shape of a region of a device 

and are not intended to limit the scope of an exemplary 13A ; embodiment . FIG . 16 is a sectional view , taken along line III - III ' , of the 
three - dimensional semiconductor memory device of FIG . As appreciated by the present inventive entity , devices 
13A ; and methods of forming devices according to various 
FIGS . 17 through 24 are sectional views illustrating a embodiments described herein may be embodied in micro 

method of fabricating a three - dimensional semiconductor 20 electronic devices such as integrated circuits , wherein a 
device , according to an exemplary embodiment of the inven plurality of devices according to various embodiments 
tive concept . described herein are integrated in the same microelectronic 

Although corresponding plan views and / or perspective device . Accordingly , the cross - sectional view ( s ) illustrated 
views of some cross - sectional view ( s ) may not be shown , herein may be replicated in two different directions , which 
the cross - sectional view ( s ) of device structures illustrated 25 need not be orthogonal , in the microelectronic device . Thus , 
herein provide support for a plurality of device structures a plan view of the microelectronic device that embodies 
that extend along two different directions as would be devices according to various embodiments described herein 
illustrated in a plan view , and / or in three different directions may include a plurality of the devices in an array and / or in 
as would be illustrated in a perspective view . The two a two - dimensional pattern that is based on the functionality 
different directions may or may not be orthogonal to each 30 of the microelectronic device . 
other . The three different directions may include a third Accordingly , the cross - sectional view ( s ) illustrated herein 
direction that may be orthogonal to the two different direc provide support for a plurality of devices according to 
tions . The plurality of device structures may be integrated in various embodiments described herein that extend along two 
a same electronic device . For example , when a device different directions in a plan view and / or in three different 
structure ( e.g. , a memory cell structure or a transistor 35 directions in a perspective view . For example , when a single 
structure ) is illustrated in a cross - sectional view , an elec active region is illustrated in a cross - sectional view of a 
tronic device may include a plurality of the device structures device / structure , the device / structure may include a plurality 
( e.g. , memory cell structures or transistor structures ) , as of active regions and transistor structures ( or memory cell 
would be illustrated by a plan view of the electronic device . structures , gate structures , etc. , as appropriate to the case ) 
The plurality of device structures may be arranged in an 40 thereon , as would be illustrated by a plan view of the 
array and / or in a two - dimensional pattern . device / structure . 

In an embodiment of the present inventive concept , a 
DETAILED DESCRIPTIONS OF EXEMPLARY three dimensional ( 3D ) memory array is provided . The 3D 

EMBODIMENTS memory array is monolithically formed in one or more 
45 physical levels of arrays of memory cells having an active 

Exemplary embodiments of the inventive concept will be area disposed above a silicon substrate and circuitry asso 
described below in detail with reference to the accompany ciated with the operation of those memory cells , whether 
ing drawings . However , the inventive concept may be such associated circuitry is above or within such substrate . 
embodied in different forms and should not be construed as The term “ monolithic ” means that layers of each level of the 
limited to the embodiments set forth herein . In the drawings , 50 array are directly deposited on the layers of each underlying 
the thickness of layers and regions may be exaggerated for level of the array . In an embodiment of the present inventive 
clarity . It will also be understood that when an element is concept , the 3D memory array includes vertical NAND 
referred to as being “ on ” another element or substrate , it may strings that are vertically oriented such that at least one 
be directly on the other element or substrate , or intervening memory cell is located over another memory cell . The at 
layers may also be present . It will also be understood that 55 least one memory cell may comprise a charge trap layer . The 
when an element is referred to as being " coupled to ” or following patent documents , which are hereby incorporated 
“ connected to ” another element , it may be directly coupled by reference , describe suitable configurations for three 
to or connected to the other element , or intervening elements dimensional memory arrays , in which the three - dimensional 
may also be present . Like reference numerals may refer to memory array is configured as a plurality of levels , with 
the like elements throughout the specification and drawings . 60 word lines and / or bit lines shared between levels : U.S. Pat . 
An exemplary embodiment of the inventive concepts are Nos . 7,679,133 ; 8,553,466 ; 8,654,587 ; 8,559,235 ; and US 

described herein with reference to cross - sectional illustra Pat . Pub . No. 2011/0233648 . 
tions that are schematic illustrations of idealized embodi FIG . 1 is a layout of a three - dimensional semiconductor 
ments ( and intermediate structures ) of an exemplary memory device according to an exemplary embodiment of 
embodiment . As such , variations from the shapes of the 65 the inventive concept . FIG . 2 is a block diagram illustrating 
illustrations as a result , for example , of manufacturing a three - dimensional semiconductor memory device accord 
techniques and / or tolerances , are to be expected . Thus , an ing to an exemplary embodiment of the inventive concept . 
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Referring to FIG . 1 , a three - dimensional semiconductor Each of the cell strings CSTR may include a ground 
memory device may include a cell array region CAR and a selection transistor GS connected to the common source line 
peripheral circuit region . The peripheral circuit region may CSL , a string selection transistor SST connected to one of 
include at least one row decoder region ROW DCR , at least the bit lines BL , and a plurality of memory cell transistors 
one page buffer region PBR , and at least one column 5 MCT provided between the ground and string selection 
decoder region COL DCR . Furthermore , a contact region transistors GST and SST . In addition , the memory cell 
CTR may be provided between the cell array region CAR transistors MCT may be connected in series to the ground 
and each row decoder region ROW DCR . selection transistor GST and the string selection transistor 

Referring to FIGS . 1 and 2 , a memory cell array 1 SST . 
including a plurality of memory cells may be provided on 10 The common source line CSL may be connected in 
the cell array region CAR . The memory cell array 1 may common to sources of the ground selection transistors GST 
further include word and bit lines electrically connected to of the cell strings CSTR . In addition , at least one ground 
the memory cells , in addition to the memory cells . In an selection line GSL , a plurality of word lines WL0 to WL3 , 
exemplary embodiment , the memory cell array 1 may and a plurality of string selection lines SSL may be disposed 
include a plurality of memory blocks BLKO - BLKn , each of 15 between the common source line CSL and the bit lines BL 
which is configured to independently perform an erase to serve as gate electrodes of the ground selection transistor 
operation . The memory cell array 1 will be described in GST , the memory cell transistors MCT , and the string 
more detail with reference to FIGS . 3 and 4 . selection transistors SST , respectively . Each of the memory 

In each row decoder region ROW DCR , a row decoder 2 cell transistors MCT may include a data storage element . 
may be provided to allow for selection of the word lines in 20 FIG . 4 is a perspective view illustrating a memory cell 
the memory cell array 1. In each contact region CTR , an array of a three - dimensional semiconductor memory device 
interconnection structure may be provided to connect the according to an exemplary embodiment of the inventive 
memory cell array 1 to the row decoder 2. The row decoder concept . 
2 may be configured to select a specific memory block from Referring to FIG . 4 , the common source line CSL may be 
the memory blocks BLKO - BLKn of the memory cell array 25 a conductive layer disposed on a substrate 100 or an impu 
1 and moreover a specific word line from the word lines of rity region 145 formed in the substrate 100. The bit lines BL 
the selected memory block , depending on address informa may be conductive patterns ( e.g. , metal lines ) that are 
tion to be input . In addition , the row decoder 2 may be vertically spaced apart from the substrate 100. The bit lines 
configured to provide word - line voltages , which are gener BL may be two - dimensionally arranged and a plurality of 
ated in a voltage generator ( not shown ) , adaptively to the 30 cell strings CSTR may be connected in parallel to each of the 
selected word line and un - selected word lines , in response to bit lines BL . Accordingly , the cell strings CSTR may be 
control signals from a control circuit ( not shown ) . two - dimensionally arranged on the common source line 

In each page buffer region PBR , at least one page buffer CSL or the substrate 100 . 
3 may be provided to read out data stored in the memory Each of the cell strings CSTR may include a plurality of 
cells . Depending on an operation mode , each page buffer 3 35 ground selection lines GSL1 and GSL2 , a plurality of word 
may execute a process of temporarily storing data to be lines WL0 - WL3 , and a plurality of string selection lines 
stored in the memory cells or of reading out data stored in SSL1 and SSL2 , which are disposed between the common 
the memory cells . For example , the page buffer 3 may source line CSL and the bit lines BL . In an exemplary 
function as a write driver in a program operation mode or as embodiment , the string selection lines SSL1 and SSL2 may 
a sense amplifier in a read operation mode . 40 serve as the string selection line SSL of FIG . 3 , and the 
A column decoder 4 connected to the bit lines of the ground selection lines GSL1 and GSL2 may serve as the 

memory cell array 1 may be provided in each column ground selection line GSL of FIG . 3. The ground selection 
decoder region COL DCR . The column decoder 4 may be lines GSL1 and GSL2 , the word lines WLO - WL3 , and the 
configured to provide data - transmission paths between the string selection lines SSL1 and SSL2 may be conductive 
page buffer 3 and an external device ( e.g. , a memory 45 patterns ( i.e. , gate electrodes ) that are stacked on each other 
controller ) . from the substrate 100 . 
FIG . 3 is a schematic circuit diagram illustrating a In addition , each of the cell strings CSTR may include a 

memory cell array of a three - dimensional semiconductor vertical structure VS vertically extending from the common 
memory device according to an exemplary embodiment of source line CSL , and the vertical structure VS may be 
the inventive concept . 50 connected to the bit line BL . The vertical structure VS may 

Referring to FIG . 3 , a three - dimensional semiconductor be formed to penetrate the ground selection lines GSL1 and 
memory device may include a memory cell array , in which GSL2 , the word lines WLO - WL3 , and the string selection 
a common source line CSL , a plurality of bit lines BL , and lines SSL1 and SSL2 . For example , the vertical structures 
a plurality of cell strings CSTR are provided . VS may penetrate a plurality of conductive patterns stacked 

The bit lines BL may be two - dimensionally arranged and 55 on the substrate 100 . 
a plurality of cell strings CSTR may be connected in parallel In an exemplary embodiment , the vertical structure VS 
to each of the bit lines BL . The cell strings CSTR may be may be formed of or include a semiconductor material and 
connected in common to the common source line CSL . For may include a first semiconductor pattern SP1 , which is 
example , the plurality of cell strings CSTR may be provided connected to the substrate 100 , and a second semiconductor 
between the plurality of bit lines BL and the common source 60 pattern SP2 , which is interposed between the first semicon 
line CSL . In an exemplary embodiment , a plurality of ductor pattern SP1 and a data storing layer DS . Furthermore , 
common source lines CSL may be two - dimensionally the vertical structures VS may include impurity regions D. 
arranged on the substrate . In an exemplary embodiment , the The drain region D may be formed in a top portion of the 
common source lines CSL may be applied with the same vertical structure VS. 
voltage . In an exemplary embodiment , the common source 65 The data storing layer DS may be disposed between the 
lines CSL may be separated from each other and may be word lines WLO - WL3 and the vertical structures VS. In an 
independently controlled . exemplary embodiment , the data storing layer DS may be a 
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charge storing layer . For example , the data storing layer DS three - dimensional semiconductor memory device of FIG . 
may be or include at least one of a trap insulating layer , a 5A , and FIG . 8 is a sectional view , taken along line III - III ' , 
floating gate electrode , and an insulating layer with conduc of the three - dimensional semiconductor memory device of 
tive nano - dots . Data stored in the data storing layer DS may FIG . 5A . 
be changed using a Fowler - Nordheim FN tunneling effect , 5 Referring to FIGS . 5A , 5B , 6A , 6B , 7 , and 8 , the substrate 
which may be caused by a voltage difference between the 100 may include the cell array region CAR , first and second vertical structure VS and the word lines WLO - WL3 . In an contact regions CTR1 and CTR2 , which are positioned at exemplary embodiment , the data storing layer DS may both sides of the cell array region CAR in a first direction include a phase - changeable or variable resistance property 
layer , which is configured to store data therein , for example . 10 which are positioned at both sides of the cell array region D1 , and first and second dummy regions DMR1 and DMR2 , 

In an exemplary embodiment , the data storing layer DS CAR in a second direction D2 perpendicular to the first may include a vertical pattern VP , which is provided to direction D1 . penetrate the word lines WLO - WL3 , and a horizontal pattern 
HP , which is disposed between the word lines WLO - WL3 A cell array structure including stack structures ST and 
and the vertical pattern VP to cover top and bottom surfaces 15 vertical structures VS , common source regions 145 , com 
of the word lines WLO - WL3 . mon source structures , interconnection structures , and bit 
A dielectric layer serving as a gate insulating layer of a lines BL may be provided on the substrate 100 . 

transistor may be provided between the ground selection Each of the stack structures ST may include electrodes EL 
lines GSL1 and GSL2 and the vertical structures VS or and insulating layers ILD , which are alternatingly and 
between the string selection lines SSL1 and SSL2 and the 20 sequentially stacked on the substrate 100. The electrodes EL 
vertical structure VS. Here , the dielectric layer may be of the stack structures ST may include a conductive mate 
formed of the same material as the data storing layer DS and , rial - for example , the electrodes EL may include doped 
in an exemplary embodiment , it may be formed of the same semiconductor ( e.g. , doped silicon ) , metals ( e.g. , tungsten , 
material ( e.g. , silicon oxide ) as a gate insulating layer of a copper , aluminum , and so forth ) , conductive metal nitrides 
metal - oxide - semiconductor field - effect transistor ( MOS- 25 ( e.g. , titanium nitride , tantalum nitride , and so forth ) , or 
FET ) . transition metals ( e.g. , titanium , tantalum , and so forth ) . In 

In this structure , the vertical structures VS , in conjunction the stack structures ST , the insulating layers ILD ) may 
with the ground selection lines GSL1 and GSL2 , the word include at least one insulating layer thinner than the other 
lines WLO - WL3 , and the string selection lines SSL1 and insulating layers . For example , the lowermost one of the 
SSL2 , may constitute a metal - oxide - semiconductor field 30 insulating layers ILD may be thinner than the others . In an 
effect transistor ( MOSFET ) using the vertical structure VS exemplary embodiment , at least one of the insulating layers 
as a channel region . ILD may be formed thicker than the others . The insulating 

In this case , the ground selection lines GSL1 and GSL2 , layers ILD ) may be formed of or include silicon oxide . 
the word lines WLO - WL3 , and the string selection lines The stack structures ST may be formed to have a stepwise 
SSL1 and SSL2 may serve as gate electrodes of the selection 35 structure on at least one of the first and second contact 
transistors and the cell transistors . In this case , according to regions CTR1 and CTR2 to electrically connect the elec 
voltages applied to the word lines WLO - WL3 and the trodes EL to peripheral circuits . The electrodes EL will be 
selection lines SSL1 , SSL2 , GSL1 , and GSL2 , inversion described in more detail below . 
regions may be formed in the vertical structures VS , by The insulating gapfill layer 117 may be formed on the 
fringe field produced near the word lines WLO - WL3 and the 40 substrate 100 to cover the stack structures ST . The capping 
selection lines SSL1 , SSL2 , GSL1 , and GSL2 . Here , the insulating layer 175 may cover a plurality of stack structures 
word lines WLO - WL3 or the selection lines SSL1 , SSL2 , ST and the insulating gapfill layer 117. The bit lines BL may 
GSL1 , and GSL2 may be formed to have a smaller thickness be disposed on the capping insulating layer 175 to cross the 
than a maximum length or width of the inversion region . stack structures ST and extend in the second direction D2 . 
Accordingly , in each of the vertical structures VS , the 45 The bit lines BL may be electrically connected to the vertical 
inversion regions may be vertically overlapped with each structures VS via bit line contact plugs BPLG . 
other to form a current path electrically connecting the The vertical structures VS may be provided to penetrate 
common source line CSL and a selected one of the bit lines the stack structures ST and may be electrically connected to 
BL . For example , the ground and string selection transistors the substrate 100. In an exemplary embodiment , the vertical 
controlled by the ground and string selection lines GSL1 , 50 structures VS may be disposed to form a zigzag arrange 
GSL2 , SSL1 , and SSL2 and the cell transistors MCT con ment , when viewed in a plan view or when viewed from the 
trolled by the word lines WLO - WL3 may be connected in above the device . In an exemplary embodiment , the vertical 
series , in the cell string CSTR . structures VS may be disposed to form a linear arrangement , 

In an exemplary embodiment , the vertical structures VS , when viewed in a plan view . 
in conjunction with the ground selection lines GSL1 and 55 In an exemplary embodiment , the vertical structures VS 
GSL2 , the word lines WLO - WL3 , and the string selection may include a semiconductor material . For example , as 
lines SSL1 and SSL2 , may constitute a metal - oxide - semi shown in FIG . 6B , the vertical structure VS may include the 
conductor ( MOS ) capacitor . first semiconductor pattern SP1 , which is connected to the 
FIG . 5A is a plan view illustrating a memory cell region substrate 100 , and the second semiconductor pattern SP2 , 

of a three - dimensional semiconductor memory device 60 which is interposed between the first semiconductor pattern 
according to an exemplary embodiment of the inventive SP1 and the data storing layer DS . The first semiconductor 
concept , and FIG . 5B is an enlarged perspective view pattern SP1 may be shaped like a hollow pipe ( or macaroni ) 
illustrating a portion ‘ A ’ of FIG . 5A . FIG . 6A is a sectional having one closed end . In an exemplary embodiment , the 
view , taken along line 1 - I ' , of the three - dimensional semi first semiconductor pattern SP1 may be shaped like a 
conductor memory device of FIG . 5A , and FIG . 6B is an 65 circular pillar . In an exemplary embodiment , the first semi 
enlarged sectional view illustrating a portion ‘ A’of FIG . 6A . conductor pattern SP1 may be shaped liked a hollow pipe or 
FIG . 7 is a sectional view , taken along line II - II ' , of the macaroni . The first semiconductor pattern SP1 may have a 
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closed bottom , and an inner space of the first semiconductor dummy regions DMR1 and DMR2 will be referred to as 
pattern SP1 may be filled with an insulating material . ‘ first and second dummy electrodes DEL1 and DEL2 ' , 

The data storing layer DS may be disposed between the respectively , in FIG . 8. Furthermore , although ten electrodes 
stack structures ST and the vertical structures VS. The data are illustrated in FIGS . 5A , 5B , 6A , 7 , and 8 , the number of 
storing layer DS may include the vertical pattern VP , which 5 the electrodes may be variously changed . 
is provided to penetrate the stack structures ST , and the Each of the first electrodes EL1 may have first ends of 
horizontal pattern HP , which is provided between the elec which horizontal positions are different from each other . The 
trodes EL and the vertical patterns VP and is extended to lower the first electrode EL1 is positioned in a stepwise 
cover top and bottom surfaces of the electrodes EL . structure of the first electrodes EL1 , the farther the first end 

The interconnection structure may be provided on at least 10 of the first electrode EL1 is positioned from a center of the 
one of the first and second contact regions CTR1 and CTR2 cell array region CAR . For example , the horizontal length of 
to electrically connect the cell array structure to the periph the first electrode EL1 may increase in a stepwise manner 
eral circuits . In an exemplary embodiment , the interconnec with decreasing distance from the substrate 100. For 
tion structure may include contact plugs PLG , which are example , the first electrodes EL1 may be stacked to form a 
provided on at least one of the first or second contact regions 15 stepwise structure with ten steps . The first ends of the first 
CTR1 and CTR2 and are respectively connected to end electrodes EL1 may be positioned in a first slope SLP1 in the 
portions of the electrodes EL through the insulating gapfill first contact region CRT1 with respect to the top surface of 
layer 117 , and connection lines CL , which are provided on the substrate 100 . 
the insulating gapfill layer 117 and are connected to the The first contact region CTR1 may be provided to have a 
contact plugs PLG through contact patterns CT . A vertical 20 first width WT1 . The first width WT1 of the first contact 
length of the contact plugs PLG may increase in a direction region CTR1 may be substantially equal to the longest of 
toward the substrate 100. The contact plugs PLG may have horizontal lengths of the first electrodes EL1 , when mea 
top surfaces that are substantially coplanar with those of the sured in the first direction D1 . 
vertical structures VS. The second electrodes EL2 may have second ends of 

The common source regions 145 may be formed in the 25 which horizontal positions are different from each other . The 
substrate 100 and between the stack structures ST . The lower the second electrode EL2 may be positioned in a 
common source regions 145 may extend parallel to the first stepwise structure of the second electrodes EL2 , the farther 
direction D1 . The stack structures ST and the common the second end of the second electrode EL2 is positioned 
source regions 145 may be alternatingly and repeatedly from the center of the cell array region CAR . For example , 
arranged in the second direction D2 . 30 the horizontal length of the second electrode EL2 may 

Each of the common source structures may be provided increase in a stepwise manner with decreasing distance from 
between the stack structures ST and may be electrically the substrate 100. For example , the second electrodes EL2 
connected to a corresponding one of the common source may be stacked to form a stepwise structure with ten steps . 
regions 145. The common source structure may include an The second ends of the second electrodes EL2 may be 
insulating sidewall spacer SP covering sidewalls of the stack 35 positioned in a second slope SLP2 in the second contact 
structures ST and a common source plug CSPLG , which is region CFR2 with respect to the top surface of the substrate 
connected to the common source region 145. In read and 100 . 
program operations of the three - dimensional semiconductor The second contact region CTR2 may be provided to have 
memory device , a ground voltage may be applied to the a second width WT2 . The second width WT2 of the second 
common source region 145 through the common source plug 40 contact region CTR2 may be substantially equal to the 
CSPLG . In an exemplary embodiment , the common source longest of horizontal lengths of the second electrodes EL2 , 
plug CSPLG may have a substantially uniform upper width when measured in the first direction D1 . In an exemplary 
and may extend parallel to the first direction D1 . In an embodiment , the first width WT1 of the first contact region 
exemplary embodiment , a pair of the insulating sidewall CTR1 may be substantially equal to the second width WT2 
spacers SP facing each other may be provided between an 45 of the second contact region CTR2 . 
adjacent pair of the stack structures ST . In an exemplary In an exemplary embodiment , the first and second elec 
embodiment , the insulating sidewall spacer SP may be trodes EL1 and EL2 positioned at the same level may have 
provided to fill a gap region between an adjacent pair of the substantially the same horizontal length . For example , the 
stack structures ST , and the common source plug CSPLG lowermost one of the first electrodes EL1 and the lowermost 
may be provided to penetrate the insulating sidewall spacer 50 one of the second electrodes EL2 , in a vertical direction , 
SP and be in partial contact with the common source region may have substantially the same horizontal length ( e.g. , a 
145. The insulating sidewall spacer SP may be formed of or first length ) . As shown in FIGS . 6A , 7 , and 8 , a correspond 
include silicon oxide , silicon nitride , silicon oxynitride , or ing pair of the first and second electrodes EL1 and EL2 may 
low - k dielectric materials . The common source plug CSPLG be symmetrically disposed with respect to the cell array 
may include metals ( e.g. , tungsten , copper or aluminum ) , 55 region CAR . In this case , the first and second slopes SLP1 
conductive metal nitrides ( e.g. , titanium nitride , or tantalum and SLP2 may be substantially the same . 
nitride ) , or transition metals ( e.g. , titanium or tantalum ) . The first dummy electrodes DEL1 may have third ends , 

Hereinafter , the electrodes will be described in more respectively . At least two of the third ends may have the 
detail . same horizontal position . The first dummy electrodes DEL1 

Referring to FIGS . 5A , 5B , 6A , 7 , and 8 , the electrodes 60 whose third ends have the same horizontal position , may be 
may be provided to cover the cell array region CAR , the first disposed adjacent to each other . For example , the lowermost 
and second contact regions CTR1 and CTR2 , and the first first dummy electrode and the adjacent first dummy elec 
and second dummy regions DMR1 and DMR2 . trode may have third ends having the same horizontal 

For the sake of brevity , electrodes provided on the first position . The lower the first dummy electrode DEL1 is 
and second contact regions CTR1 and CTR2 will be referred 65 positioned in a stepwise structure of the first dummy elec 
to as ' first and second electrodes EL1 and EL2 ' in FIG . 7 , trodes DEL1 , the farther the third end of the first dummy 
respectively , and electrodes provided on the first and second electrode DEL1 is positioned from the center of the cell 
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array region CAR . The third ends of the first dummy CAR . In an exemplary embodiment , the effective area of the 
electrodes may be positioned in a third slope SLP3 in the cell array region CAR may increase as the area reduced by 
first dummy region DMR1 with respect to the top surface of the first and second dummy regions DMR1 and DMR2 
the substrate 100. The third slope SLP3 may be greater than according to an exemplary embodiment . 
the first slope SLP1 . Referring to FIGS . 5A and 6A , the three - dimensional 

For example , as shown in FIGS . 5A and 8 , in the stack semiconductor device may include a pyramid - shaped struc 
structure of the first dummy electrodes DEL1 , ones at first ture including the electrodes EL and the insulating layers 
and second levels may have vertically - aligned ends , and ILD . Each electrode EL and each insulating layer ILD may 
ones at third and fourth levels may have vertically - aligned be alternately stacked so that the electrodes EL and the 
ends and may have a horizontal length shorter than the ones 10 insulating layers ILD are stacked in the pyramid - shaped 
at the first and second levels . The first dummy electrodes structure . Each side surface of the pyramid - shaped structure 
DEL1 may be stacked to form a stepwise structure with five has a stepped surface sloped in a predetermined angle with 
steps . For example , two adjacent first dummy electrodes respect to a top surface of the substrate 100. Vertical 
DEL1 may form one step of the stepwise structure . In the structures VS may be disposed within an uppermost elec 
case of the five steps , the stepwise structure may include ten 15 trode and may penetrate the electrodes EL and the insulating 
( 10 ) first dummy electrodes DEL1 stacked on each other . layers ILD to be in contact with the substrate 100. The 
The second dummy electrodes DEL2 may have fourth contact plugs PLG may be disposed on a first side surface of 

ends , respectively . At least two of the fourth ends may have the pyramid - shaped structure having the slope of SLP1 . The 
the same horizontal position . The second dummy electrodes first side surface has the largest predetermined angle and 
DEL2 of which fourth ends have the same horizontal 20 each contact plug PLG is connected to a corresponding 
position , may be disposed adjacent to each other . The lower portion of the electrodes EL within the first side surface . 
the second dummy electrode DEL2 is positioned in a FIG . 9A is a plan view illustrating a memory cell region 
stepwise structure of the second dummy electrodes DEL2 , of a three - dimensional semiconductor memory device 
the farther the fourth end of the second dummy electrode according to other an exemplary embodiment of the inven 
DEL2 is positioned from the center of the cell array region 25 tive concept , and FIG . 9B is an enlarged perspective view 
CAR . The fourth ends of the second dummy electrode DEL2 illustrating a portion ‘ A’of FIG.9A . FIGS . 10 , 11 , and 12 are 
may be positioned in a fourth slope SLP4 in the second sectional views , taken along lines I - I ' , II - II ' , and III - III ' , 
dummy region DMR2 with respect to the top surface of the respectively , of the three - dimensional semiconductor 
substrate 100. The fourth slope SLP4 may be greater than the memory device of FIG . 9A . 
first slope SLP1 . Referring to FIGS . 9A , 9B , 10 , 11 , and 12 , a three 

For example , as shown in FIGS . 5A and 8 , in the stack dimensional semiconductor memory device may include a 
structure of the second dummy electrodes DEL2 , ones at substrate 100 , a cell array structure including stack struc 
first and second levels may have vertically - aligned ends , and tures ST and vertical structures common source regions 
ones at third and fourth levels may have vertically - aligned 145 , common source structures , interconnection structures , 
ends and may have a horizontal length shorter than the ones 35 an insulating gapfill layer , a capping insulating layer , and bit 
at the first and second levels . The second dummy electrodes lines BL . 
DEL2 may be stacked to form a stepwise structure with five The substrate 100 may include the cell array region CAR , 
steps . For example , two adjacent second dummy electrodes the first and second contact regions CTR1 and CTR2 posi 
DEL2 may form one step of the stepwise structure . In the tioned at both sides of the cell array region CAR in a first 
case of the five steps , the stepwise structure may include ten 40 direction D1 , and the first and second dummy regions 
( 10 ) second dummy electrodes DEL2 stacked on each other . DMR1 and DMR2 positioned at both sides of the cell array 

In an exemplary embodiment , the first and second dummy region CAR in a second direction D2 perpendicular to the 
electrodes DEL1 and DEL2 positioned at the same level first direction D1 . 
may have substantially the same horizontal length . For In an exemplary embodiment , the substrate 100 , the cell 
example , the lowermost first dummy electrodes DEL1 and 45 array structure , the common source regions 145 , the com 
the lowermost second dummy electrodes DEL2 , in the mon source structures , the interconnection structures , the 
vertical direction , may have substantially the same horizon insulating gapfill layer , the capping insulating layer , and the 
tal length ( e.g. , a first length ) . As shown in FIGS . 6A , 7 , and bit lines BL , except for the electrodes of the stack structures 
8 , a corresponding pair of the first and second dummy ST , may be configured to have substantially the same 
electrodes DEL1 and DEL2 may be symmetrically disposed 50 features as those of the previous embodiments described 
with respect to the cell array region CAR . In this case , the with reference to FIGS . 5A , 5B , 6A , 6B , 7 , and 8 , and thus , 
third and fourth slopes SLP3 and SLP4 may be substantially such elements will be identified by a similar or identical 
the same . reference number without repeating the descriptions thereof . 

In an exemplary embodiment , the contact plugs PLG of Hereinafter , the structure of the electrodes will be 
the interconnection structure may be respectively connected 55 described with reference to FIGS . 9A , 9B , 10 , 11 , and 12 . 
to the first electrodes EL1 of the first contact region CTR1 . The electrodes may include the first electrodes EL1 on the 
Although not shown , depending on configuration of the first contact region CTR1 , the second electrodes EL2 on the 
interconnection structure , the second electrodes EL2 of the second contact region CTR2 , the first dummy electrodes 
second contact region CTR2 may also be electrically con DEL1 on the first dummy region DMR1 , and the second 
nected to the interconnection structure . However , at least 60 dummy electrodes DEL2 on the second dummy region 
two of the first and second dummy electrodes DEL1 and DMR2 . 
DEL2 may be stacked in a vertically aligned manner on the The first electrodes EL1 may be stacked to form a 
first and second dummy regions DMR1 and DMR2 . The stepwise structure . For example , horizontal lengths of the 
interconnection structure need not be formed in the first and first electrodes EL1 may increase in a stepwise manner with 
second dummy regions DMR1 and DMR2 to reduce the area 65 decreasing vertical distance from the substrate 100. For 
of the first and second dummy regions DMR1 and DMR2 , example , as shown in FIGS . 9A , 9B , 10 , 11 , and 12 , the first 
and to increase the effective area of the cell array region electrodes EL1 may be stacked to form a stepwise structure 
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with ten steps . The first ends of the first electrodes EL1 may regions DMR1 and DMR2 to reduce the area of the first and 
be positioned in the first slope SLP1 with respect to the top second dummy regions DMR1 and DMR2 , and to increase 
surface of the substrate 100. The first contact region CTR1 the effective area of the cell array region CAR . 
may be provided to have the first width WT1 . FIG . 13A is a plan view illustrating a memory cell region 

The second electrodes EL2 may be stacked to form a 5 of a three - dimensional semiconductor memory device 
stepwise structure . For example , horizontal lengths of the according to an exemplary embodiment of the inventive 
second electrodes EL2 may increase in a stepwise manner concept , and FIG . 13B is an enlarged perspective view 
with decreasing vertical distance from the substrate 100. For illustrating a portion ‘ A ’ of FIG . 13A . FIGS . 14 , 15 , and 16 
example , as shown in FIGS . 9A , 9B , 10 , 11 , and 12 , the are sectional views , taken along lines I - I ' , II - II ' , and III - III ' , 
second electrodes EL2 may be stacked to form a stepwise 10 respectively , of the three - dimensional semiconductor 
structure with ten steps . The second ends of the second memory device of FIG . 13A . 
electrodes EL2 may be positioned in the second slope SLP2 Referring to FIGS . 13A , 13B , 14 , 15 , and 16 , a three 
with respect to the top surface of the substrate 100. The dimensional semiconductor memory device may include a 
second contact region CTR2 may be provided to have the substrate 100 , a cell array structure including stack struc 
second width WT2 . 15 tures ST and vertical structures VS , common source regions 

In an exemplary embodiment , a corresponding pair of the 145 , common source structures , interconnection structures , 
first and second electrodes EL1 and EL2 may be symmetri an insulating gapfill layer , a capping insulating layer , and bit 
cally disposed with respect to the cell array region CAR . The lines BL . 
first and second slopes SLP1 and SLP2 may be substantially The substrate 100 may include the cell array region CAR , 
the same . The first and second widths WT1 and WT2 may 20 the first and second contact regions CTR1 and CTR2 posi 
be substantially the same . tioned at both sides of the cell array region CAR in a first 

At least two of the third ends of the first dummy elec direction Di , and the first and second dummy regions 
trodes DEL1 may have the same horizontal position . For DMR1 and DMR2 positioned at both sides of the cell array 
example , as shown in FIGS . 9A , 9B , 10 , 11 , and 12 , the third region CAR in a second direction D2 perpendicular to the 
ends of two first dummy electrodes DEL1 which are verti- 25 first direction D1 . 
cally adjacent to each other may have substantially the same In an exemplary embodiment , the substrate 100 , the cell 
horizontal position . The first dummy electrodes DEL1 may array structure , the common source regions 145 , the com 
be stacked to form a stepwise structure with five steps . The mon source structures , the interconnection structures , the 
third ends of the first dummy electrodes DEL1 may be insulating gapfill layer , the capping insulating layer , and the 
positioned in the third slope SLP3 with respect to the top 30 bit lines BL , except for the electrodes of the stack structures 
surface of the substrate 100. The first dummy region DMR1 ST , may be configured to have substantially the same 
may be provided to have a third width WT3 . features as those of the previous embodiments described 

At least two of the fourth ends of the second dummy with reference to FIGS . 5A , 5B , 6A , 6B , 7 , and 8 , and thus , 
electrodes DEL2 may have the same horizontal position . For such elements will be identified by a similar or identical 
example , as shown in FIGS . 9A , 9B , 10 , 11 , and 12 , the 35 reference number without repeating the descriptions thereof . 
fourth ends of two second dummy electrodes DEL2 which Hereinafter , the structure of the electrodes will be 
are vertically adjacent to each other may have substantially described with reference to FIGS . 13A , 13B , 14 , 15 , and 16 . 
the same horizontal position . The second dummy electrodes The electrodes may include the first electrodes EL1 on the 
DEL2 may be stacked to form a stepwise structure with four first contact region CTR1 , the second electrodes EL2 on the 
steps . The fourth ends of the second dummy electrodes 40 second contact region CTR2 , the first dummy electrodes 
DEL2 may be positioned in the fourth slope SLP4 with DEL1 on the first dummy region DMR1 , and the second 
respect to the top surface of the substrate 100. The second dummy electrodes DEL2 on the second dummy region 
dummy region DMR2 may be provided to have a fourth DMR2 . 
width WT4 . The first electrodes EL1 may be stacked to form a 

In an exemplary embodiment , the first dummy electrodes 45 stepwise structure . For example , horizontal lengths of the 
DEL1 and the second dummy electrodes DEL2 may be first electrodes EL1 may increase in a stepwise manner with 
asymmetrically disposed with respect to the cell array region decreasing vertical distance from the substrate 100. For 
CAR . For example , the third and fourth slopes SLP3 and example , the first electrodes EL1 may be stacked to form a 
SLP4 may be different from each other . For example , the stepwise structure with ten steps . The first ends of the first 
fourth slope SLP4 may be greater than the third slope SLP3 , 50 electrodes EL 1 may be positioned in the first slope SLP1 
and the third and fourth widths WT3 and WT4 may be with respect to the top surface of the substrate 100. The first 
different from each other . As an example , the third width contact region CTR1 may be provided to have the first width 
WT3 may be greater than the fourth width WT4 . WT1 . 

In an exemplary embodiment , the first slope SLP1 may be At least two of the second ends of the second electrodes 
smaller than the third slope SLP3 , and the third width WT3 55 EL2 may have the same horizontal position . For example , 
may be smaller than the first width WT1 . the second electrodes EL2 may be stacked to form a step 

In an exemplary embodiment , the contact plugs PLG of wise structure with five steps . The second ends of the second 
the interconnection structure may be respectively connected electrodes EL2 may be positioned in the second slope SLP2 
to the first electrodes EL1 of the first contact region CTR1 . with respect to the top surface of the substrate 100. The 
Although not shown , depending on configuration of the 60 second contact region CTR2 may be provided to have the 
interconnection structure , the second electrodes EL2 of the second width WT2 . 
second contact region CTR2 may also be electrically con In an exemplary embodiment , the first electrodes EL1 and 
nected to the interconnection structure . At least two of the the second electrodes EL2 may be asymmetrically disposed 
first and second dummy electrodes DEL1 and DEL2 may be with respect to the cell array region CAR . For example , the 
stacked in a vertically aligned manner on the first and second 65 first and second slopes SLP1 and SLP2 may be different 
dummy regions DMR1 and DMR2 . The interconnection from each other . For example , the first slope SLP1 may be 
structure need not be formed in the first and second dummy smaller than the second slope SLP2 . In an exemplary 
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embodiment , the first and second widths WT1 and WT2 may device , according to an exemplary embodiment of the inven 
be different from each other . For example , the first width tive concept . FIGS . 17 through 24 are sectional views taken 
WT1 may be greater than the second width WT2 . along I - I ' of FIG . 5A . 

At least two of the third ends of the first dummy elec Referring to FIG . 17 , a buffer insulating layer 105 may be 
trodes DEL1 may have the same horizontal position . For 5 formed on the substrate 100 , and sacrificial layers 110 and 
example , the third ends of two first dummy electrodes DEL1 insulating layers 115 may be alternately formed on the buffer 
which are vertically adjacent to each other may have sub insulating layer 105 . 
stantially the same horizontal position . For example , the first The substrate 100 may include the cell array region CAR 
dummy electrodes DEL1 may be stacked to form a stepwise and the first and second contact regions CTR1 and CTR2 
structure with five steps . The third ends of the first dummy 10 and the first and second dummy regions DMR1 and DMR2 
electrodes DEL1 may be positioned in the third slope SLP3 surrounding the cell array region CAR . Here , the first and 

second contact regions CTR1 and CTR2 may be provided with respect to the top surface of the substrate 100. The first opposite to each other , and the first and second dummy dummy region DMR1 may be provided to have the third regions DMR1 and DMR2 may be provided opposite to each width WT3 . 15 other . 
At least two of the fourth ends of the second dummy The sacrificial layers 110 may be formed of a material 

electrodes DEL2 may have the same horizontal position . For having etch selectivity with respect to the buffer insulating 
example , the fourth ends of two second dummy electrodes layer 105 and the insulating layers 115. For example , the 
DEL2 which are vertically adjacent to each other may have buffer insulating layer 105 and the insulating layers 115 may 
substantially the same horizontal position . The second 20 be formed of or include silicon oxide , and the sacrificial 
dummy electrodes DEL2 may be stacked to form a stepwise layers 110 may be formed of or include silicon nitride . 
structure with five steps . The second dummy electrodes Referring to FIG . 18 , the sacrificial layers 110 and the 
DEL2 of the second dummy electrodes DEL2 may be insulating layers 115 on the first and second contact regions 
positioned in the fourth slope SLP4 with respect to the top CTR1 and CTR2 and the first and second dummy regions 
surface of the substrate 100. The second dummy region 25 DMR1 and DMR2 may be patterned to form a stepwise 
DMR2 may be provided to have the fourth width WT4 . structure . 

In an exemplary embodiment , the first dummy electrodes For example , a mask pattern ( not shown ) may be formed 
DEL1 and the second dummy electrodes DEL2 may be on the uppermost one of the insulating layers 115 , and the 
symmetrically disposed with respect to the cell array region uppermost layers of the insulating and sacrificial layers 115 
CAR . The third and fourth slopes SLP3 and SLP4 may be 30 and 110 may be etched using the mask pattern as an etch 
substantially the same . The third and fourth widths WT3 and mask to expose the second uppermost layer of the insulating 
WT4 may be substantially the same . layers 115. Thereafter , the mask pattern may be etched to 

reduce a width of the mask pattern , and the second upper In an exemplary embodiment , the first slope SLP1 may be 
smaller than the third slope SLP3 , and the second slope 35 110 may be etched using the etched mask pattern as an etch 

most layers of the insulating and sacrificial layers 115 and 
SLP2 may be substantially the same as the third and fourth mask . The etching process on the insulating and sacrificial slopes SLP3 and SLP4 . The first width WT1 may be greater layers 115 and 110 and the etching process on the mask 
than the third width WT3 , and the second width WT2 may pattern may be repeatedly performed , and thus , the insulat 
be substantially equal to third and fourth widths WT3 and ing and sacrificial layers 115 and 110 may be formed to have 
WT4 . 40 a stepwise structure on the first and second contact regions 

In an exemplary embodiment , as shown in FIGS . 9A , 9B , CTR1 and CTR2 and the first and second dummy regions 
10 , 11 , and 12 , the first and second dummy electrodes DEL1 DMR1 and DMR2 . 
and DEL2 may be asymmetrically disposed with respect to In an exemplary embodiment , various stepwise structures 
the cell array region CAR . For example , the third and fourth as shown in FIGS . 5A , 9A , and 13A may be formed by 
slopes SLP3 and SLP4 may be different from each other . In 45 controlling positions and areas of the first and second 
an exemplary embodiment , the fourth slope SLP4 may be contact regions CTR1 and CTR2 and the first and second 
greater than the third slope SLP3 . Also , the third and fourth dummy regions DMR1 and DMR2 covered with the mask 
widths WT3 and WT4 may be different from each other . For pattern . 
example , the third width WT3 may be greater than the fourth After the etching process , the mask pattern may be 
width WT4 . 50 removed , and then , an insulating gapfill layer 117 may be 

In an exemplary embodiment , the contact plugs PLG of formed on the substrate 100. The insulating gapfill layer 117 
the interconnection structure may be respectively connected may be planarized to expose a top surface of the uppermost 
to the first electrodes EL1 of the first contact region CTR1 . layer of the insulating layers 115 . 
At least two of the second electrodes EL2 may be stacked in Referring to FIG . 19 , the insulating layers 115 , the sac 
a vertically aligned manner on the second contact region 55 rificial layers 110 , and the buffer insulating layer 105 on the 
CTR2 . The interconnection structure need not be formed in cell array region CAR may be patterned to form vertical 
the second contact region CTR2 to reduce the area of the holes 120 exposing the substrate 100. For example , the 
second electrodes EL2 . At least two of the first and second vertical holes 120 may be arranged in a zigzag manner , when 
dummy electrodes DEL1 and DEL2 may be stacked in a viewed in a plan view . In an exemplary embodiment , the 
vertically aligned manner on the first and second dummy 60 vertical holes 120 may be arranged in a linear manner , when 
regions DMR1 and DMR2 . The interconnection structure viewed in a plan view . 
need not be formed in the first and second dummy regions Thereafter , the vertical structures VS may be formed to fill 
DMR1 and DMR2 to reduce the area of the first and second the vertical holes 120 , respectively . The formation of the 
dummy regions DMR1 and DMR2 and to increase the vertical structures VS ( e.g. , shown in FIG . 6B ) may include 
effective area of the cell array region CAR . 65 forming the second semiconductor pattern SP2 to cover 
FIGS . 17 through 24 are sectional views illustrating a inner side surfaces of the vertical holes 120 , forming the first 

method of fabricating a three - dimensional semiconductor semiconductor pattern SP1 to cover the vertical holes 120 
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provided with the second semiconductor pattern SP2 , and contract regions CTR1 and CTR2 , and may be electrically 
forming conductive pads D ( e.g. , see FIG . 4 ) on the first and connected to the first and second electrodes EL1 and EL2 , 
second semiconductor patterns SP1 and SP2 . Each of the respectively . 
conductive pads D may be a doped region , which may be As shown in FIGS . 6A , 7 , and 8 , the contact plugs PLG 
formed by an implantation process , or a conductive pattern , 5 may be electrically connected to the first ends of the first 
which may be formed by a deposition process . Furthermore , electrodes EL1 , respectively . Although not shown , in an 
the first semiconductor pattern SP1 may be a hollow struc exemplary embodiment , the contact plugs PLG may be 
ture with a closed bottom . electrically connected to the second ends of the second 

Referring to FIG . 20 , the insulating gapfill layer 117 , the electrodes EL2 , respectively . 
insulating layers 115 , the sacrificial layers 110 , and the 10 Referring to FIG . 24 , a capping insulating layer 175 may 
buffer insulating layer 105 may be patterned to form be formed on the substrate 100 to cover the vertical struc 
trenches 135 exposing the substrate 100. Side surfaces of the tures VS , the common source structure , the contact plugs 
insulating and sacrificial layers 115 and 110 may be exposed PLG , and the insulating gapfill layer 117 . 
by the trenches 135 . Thereafter , the bit line contact plugs BPLG may be 

Referring to FIG . 21 , the sacrificial layers 110 exposed by 15 formed to penetrate the capping insulating layer 175. The bit 
the trenches 135 may be removed to form recesses 140 line contact plugs BPLG may be electrically connected to 
between the insulating layers 115. The recesses 140 may be the vertical structures VS , respectively . Next , the contact 
connected to the trenches 135. In an exemplary embodiment , patterns CT may be formed to be electrically connected to 
the removal of the sacrificial layers 110 may be performed the contact plugs PLG , respectively . 
using an isotropic etching process . The bit line BL may be formed on the capping insulating 

Referring to FIG . 22 , a first conductive layer ( not shown ) layer 175 to be electrically connected to the bit line contact 
may be formed on the substrate 100 to fill the trenches 135 plugs BPLG , and the connection lines CL may be formed to 
and the recesses 140. The first conductive layer may include be electrically connected to the contact patterns CT . 
a barrier layer ( not shown ) conformally covering inner According to an exemplary embodiment of the inventive 
surfaces of the trenches 135 and the recesses 140 and an 25 concept , in a stack structure of vertically - stacked electrodes , 
electrode layer ( not shown ) filling remaining spaces of the a dummy region is provided to have a reduced area , and 
trenches 135 and the recesses 140. The first conductive layer thus , the effective area of a cell array region may increase . 
may be removed from the trenches 135 , and as a result , the While the present inventive concept has been shown and 
electrodes EL may be locally formed in the recesses 140 , described with reference to exemplary embodiments thereof , 
respectively . 30 it will be apparent to those of ordinary skill in the art that 

In an exemplary embodiment , the electrodes EL may be various changes in form and detail may be made therein 
classified into four types , according to their positions . For without departing from the spirit and scope of the inventive 
example , the electrodes EL may include the first electrodes concept as defined by the following claims . 
EL1 , the second electrodes EL2 , the first dummy electrodes What is claimed is : 
DEL1 , and the second dummy electrodes DEL2 . 1. A three - dimensional semiconductor device , compris 

In the case where the vertical structures VS are formed to ing : 
have a structure shown in FIG . 6B , the vertical pattern VP a substrate including a cell array region , a contact region , 
of the data storing layer DS may be conformally formed and a dummy region , the contact region being adjacent 
between the second semiconductor pattern SP2 and the stack to the cell array region in a first direction , the dummy 
structures ST . region being adjacent to the cell array region in a 

Thereafter , an ion implantation process may be performed second direction , the second direction being perpen 
to inject dopants into the substrate 100 exposed by the dicular to the first direction ; 
trenches 135 and thereby to form the common source a stack structure including electrodes and insulating layers 
regions 145. In an exemplary embodiment , the common alternately stacked on the substrate ; 
source regions 145 may be formed after the formation of the 45 a vertical structure vertically penetrating the stack struc 
electrodes EL . In an exemplary embodiment , the common ture in the cell array region , the vertical structure 
source regions 145 may be formed after the formation of the including a semiconductor pattern and a vertical pattern 
trenches 135 and before the removal of the sacrificial layers on a side surface of the semiconductor pattern , 
110 . an electrode isolation region crossing the stack structure , 
The common source structures may be formed in the 50 the electrode isolation region extending in the first 

trenches 135 to provide current paths for electric connection direction ; and 
to the common source regions 145. The formation of the an insulation pattern at least partially filling the electrode 
common source structures may include conformally forming isolation region , 
an insulating spacer layer ( not shown ) on sidewalls of the wherein the stack structure includes a first staircase por 
trenches 135 , anisotropically etching the insulating spacer 55 tion on the dummy region and a second staircase 
layer to form the insulating sidewall spacer SP exposing the portion on the contact region , 
common source regions 145 , forming a second conductive wherein the first staircase portion has a first slope with 
layer to fill the trenches 135 provided with the insulating respect to the top surface of the substrate and the 
sidewall spacer SP , and then , planarizing the second con second staircase portion has a second slope with respect 
ductive layer to form the common source plugs CSPLG . to the top surface of the substrate , the first slope being 

Referring to FIG . 23 , the contact plugs PLG may be steeper than the second slope , 
formed to penetrate the insulating gapfill layer 117 on at wherein the electrodes include a ground select line , a 
least one of the first and second contact regions CTR1 and string select line on the ground select line , and word 
CTR2 . For example , the contact plugs PLG formed on the lines between the ground select line and the string 
first contact region CTR1 may be electrically connected to 65 select line , 
the first electrodes EL1 . In an exemplary embodiment , the wherein the insulating layers include a first insulating 
contact plugs PLG may be formed on the first and second layer between the ground select line and the word lines , 
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a second insulating layer between the word lines and an electrode isolation region penetrating the stack struc 
the string select line , and a third insulating layer ture to expose side surfaces of the electrodes , the 
between the word lines , electrode isolation region extending in the first direc 

wherein the third insulating layer has a thickness thinner tion ; and 
than that of the first and second insulating layers , and 5 an insulation pattern on the side surfaces of the electrodes , 

wherein the semiconductor pattern has a portion of the wherein the stack structure includes a first staircase por 
side surface exposed by the vertical pattern , the semi tion on the dummy region and a second staircase 
conductor pattern being electrically connected with a portion on the contact region , 
common source plug extending vertically on the sub wherein the first staircase portion has a first slope with 
strate . respect to the top surface of the substrate and the 

2. The three - dimensional semiconductor device of claim second staircase portion has a second slope with respect 
1 , wherein the portion of the side surface of the semicon to the top surface of the substrate , the first slope being 
ductor pattern is located at a lower level than the bottom steeper than the second slope , 
surface of the vertical pattern . wherein the electrodes include a ground select line , a 

3. The three - dimensional semiconductor device of claim string select line on the ground select line , and word 
1 , wherein the portion of the side surface of the semicon lines between the ground select line and the string 
ductor pattern is in contact with the substrate . select line , 

4. The three - dimensional semiconductor device of claim wherein the insulating layers include a first insulating 
1 , further comprising a common source region between the layer between the ground select line and the word lines , 
stack structure and a bottom surface of the substrate , a second insulating layer between the word lines and 

wherein the common source region is electrically con the string select line , and a third insulating layer 
nected with the co on source plug . between the word lines , 

5. The three - dimensional semiconductor device of claim wherein the third insulating layer has a thickness thinner 
4 , wherein a bottom surface of the semiconductor pattern is 25 than that of the first and second insulating layers , and 
located at a lower level than a top surface of the common the around select line , 
source region . wherein the semiconductor pattern has a portion of the 

6. The three - dimensional semiconductor device of claim side surface positioned at a lower level than a bottom 
1 , wherein the portion of the side surface of the semicon surface of the vertical pattern , the portion of the side 
ductor pattern is located at a lower level than a bottom surface of the semiconductor pattern being in contact 

with the substrate . surface of the stack structure . 12. The three - dimensional semiconductor device of claim 7. The three - dimensional semiconductor device of claim 11 , wherein the semiconductor pattern is electrically con 1 , wherein the electrodes include a first electrode and a 
second electrode adjacent to each other in the dummy 35 the substrate . nected with a common source plug extending vertically on 
region , and 13. The three - dimensional semiconductor device of claim 

wherein the first electrode has a side surface vertically 11 , further comprising a common source region between the aligned to a side surface of the second electrode in the stack structure and the bottom surface of the substrate , dummy region . wherein the common source region is electrically con 
8. The three - dimensional semiconductor device of claim nected with the semiconductor pattern . 

1 , further comprising an overlapped region , the overlapped 14. The three - dimensional semiconductor device of claim 
region being adjacent to the contact region in the second 13 , wherein a bottom surface of the semiconductor pattern 
direction and adjacent to the dummy region in the first is located at a lower level than a top surface of the common 
direction , source region . 

wherein at least a portion of the electrodes extend to the 45 15. The three - dimensional semiconductor device of claim 
overlapped region . 11 , wherein the portion of the side surface of the semicon 

9. The three - dimensional semiconductor device of claim ductor pattern is located at a lower level than a bottom 
1 , wherein a bottom surface of the vertical pattern is located surface of the stack structure . 
at a lower level than the top surface of the substrate . 16. A three - dimensional semiconductor device , compris 

10. The three - dimensional semiconductor device of claim 50 ing : 
1 , wherein the portion of the side surface of the semicon a substrate including a cell array region , a contact region , 
ductor pattern is at a lower level than the lower surface of the and a dummy region , the contact region being adjacent 
lowermost electrode of the electrodes . to the cell array region in a first direction , the dummy 

11. A three - dimensional semiconductor device , compris region being adjacent to the cell array region in a 
ing : second direction , the second direction being perpen 

a substrate including a cell array region , a contact region , dicular to the first direction ; 
and a dummy region , the contact region being adjacent a stack structure including electrodes and insulating layers 
to the cell array region in a first direction , the dummy alternately stacked on the substrate ; 
region being adjacent to the cell array region in a a vertical structure vertically penetrating the stack struc 
second direction , the second direction being perpen- 60 ture in the cell array region , the vertical structure 
dicular to the first direction ; including a semiconductor pattern and a vertical pattern 

a stack structure including electrodes and insulating layers on an outer surface of the semiconductor pattern , 
alternately stacked on the substrate ; an electrode isolation region crossing the stack structure , 

a vertical structure vertically penetrating the stack struc the electrode isolation region extending in the first 
ture in the cell array region , the vertical structure 65 direction ; and 
including a semiconductor pattern and a vertical pattern an insulation pattern at least partially filling the electrode 
on a side surface of the semiconductor pattern , isolation region , 
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wherein the stack structure includes a first staircase por an electrode isolation region crossing the stack structure , 
tion on the dummy region and a second staircase the electrode isolation region extending in the first 
portion on the contact region , direction ; 

wherein the first staircase portion has a first slope with an insulation pattern at least partially filling the electrode 
respect to the top surface of the substrate and the 5 isolation region ; 
second staircase portion has a second slope with respect wherein the stack structure includes a first staircase por 
to the top surface of the substrate , the first slope being tion on the dummy region and a second staircase steeper than the second slope , portion on the contact region , 

wherein the electrodes include a ground select line , a wherein the first staircase portion has a first slope with string select line on the ground select line , and word 10 respect to the top surface of the substrate and the lines between the ground select line and the string second staircase portion has a second slope with respect select line , 
wherein the insulating layers include a first insulating to the top surface of the substrate , the first slope being 

layer between the ground select line and the word lines , steeper than the second slope , 
wherein the electrodes include a ground select line , a a second insulating layer between the word lines and 15 

the string select line , and a third insulating layer string select line on the ground select line , and word 
between the word lines , lines between the ground select line and the string 

select line , wherein the third insulating layer has a thickness thinner 
than that of the first and second insulating layers , and wherein the insulating layers include a first insulating 

wherein the semiconductor pattern includes an inner 20 layer between the ground select line and the word lines , 
surface opposite to the outer surface , a second insulating layer between the word lines and 

wherein a bottom of the inner surface of the semiconduc the string select line , and a third insulating layer 
between the word lines , tor pattern is located at a lower level than a bottom 

surface of the vertical pattern . wherein the third insulating layer has a thickness thinner 
than that of the first and second insulating layers , 17. The three - dimensional semiconductor device of claim 25 

16 , wherein a portion of a side of the inner surface of the wherein the semiconductor pattern has a portion of the 
semiconductor pattern is located at a lower level than the outer surface exposed by the vertical pattern , the por 
bottom surface of the vertical pattern . tion of the outer surface of the semiconductor pattern 

18. The three - dimensional semiconductor device of claim being in contact with the substrate and located at a 
16 , further comprising a common source region between the 30 lower level than a bottom surface of the vertical pattern , 
stack structure and the bottom surface of the substrate , wherein the semiconductor pattern includes art inner 

wherein the common source region is electrically con surface opposite to the outer surface , 
nected with the semiconductor pattern . wherein a bottom of the inner surface of the semiconduc 

19. The three - dimensional semiconductor device of claim tor pattern is located at a lower level than the bottom 
surface of the vertical pattern , and 18 , wherein the bottom surface of the inner surface of the 35 

semiconductor pattern is located at a lower level than a top wherein the semiconductor pattern is electrically con 
surface of the common source region . nected with a common source plug extending vertically 

on the substrate . 20. The three - dimensional semiconductor device of claim 22. The three - dimensional semiconductor device of claim 16 , wherein a portion of the outer surface of the semicon ductor pattern located at a lower level than a bottom surface 4021 , further comprising a bit line electrically connected to the vertical structure on the capping layer . of the stack structure . 
21. A three - dimensional semiconductor device , compris 23. The three - dimensional semiconductor device of claim 

21 , further comprising a common source region between the ing : 
a substrate including a cell array region , a contact region , stack structure and a bottom surface of the substrate , 

and a dummy region , the contact region being adjacent 45 wherein the common source region is electrically con 
nected with the common source plug . to the cell array region in a first direction , the dummy 24. The three - dimensional semiconductor device of claim region being adjacent to the cell array region in a 

second direction , the second direction being perpen 23 , wherein a bottom surface of the semiconductor pattern 
dicular to the first direction ; is located at a lower level than a top surface of the common 

a stack structure including electrodes and insulating layers 50 source region . 
25. The three - dimensional semiconductor device of claim alternately stacked on the substrate ; 21 , wherein the electrodes include a first electrode and a a capping layer covering the stack structure ; 

contact plugs penetrating the capping layer in the contact second electrode adjacent to each other in the dummy 
region and respectively connected to the electrodes ; region , and 

wherein the first electrode has aside surface vertically a vertical structure vertically penetrating the stack struc- 55 
ture in the cell array region , the vertical structure aligned to a side surface of the second electrode in the 

dummy region . including a semiconductor pattern and a vertical pattern 
on a outer surface of the semiconductor pattern , 


